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Abstract
Risk parity offers a sophisticated portfolio management technique that proponents claim
delivers higher risk-adjusted returns compared to traditional portfolio strategies. The goal of this
thesis is to determine if risk parity outperforms the traditional 60/40 portfolio strategy on a riskadjusted basis. If risk parity outperforms the traditional 60/40 strategy on a risk-adjusted basis,
investors should reconsider their portfolio strategy and benefit from the higher risk-adjusted
performance of risk parity. The economic implications of this paradigm shift could be material.
If a superior portfolio strategy is adopted, investors, both institutional and retail, benefit from
achieving their diverse investment objectives quicker with less risk. Using price return data, risk
parity failed to outperform the traditional 60/40 strategy on an annualized quarterly risk-adjusted
return basis over the period 1999-2021. These findings fail to reject the notion the traditional
strategy is inferior to risk parity, therefore the traditional strategy may be a simple heuristic for
investors to easily achieve optimal risk-adjusted returns. In addition, lower correlations of U.S.
nominal bonds and real estate and commodities and emerging market USD nominal bonds,
respectively, appear to be associated with better risk parity performance. Risk parity strategies
are widely thought to be more sensitive to correlations between asset classes since they are
typically invested in a more diverse set of asset classes.
I.

Introduction

Uncertainty is inherent in the investment process since future variables, such as expected
returns and volatility, are difficult to predict accurately and consistently. Return distributions of
investments tend to exhibit leptokurtosis (“fat-tails”), meaning extreme losses and gains occur
more frequently than under a Normal distribution. To mitigate the impact of these uncertain
outcomes on long-term portfolio performance, asset managers employ portfolio management
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strategies that attempt to thoroughly diversify and achieve the optimal trade-off between risk and
return.
In practice, institutional investment managers largely employ 60/40 equity/bond allocation
variants with small allocations to alternative investments. This strategy is a product of the meanvariance optimization (MVO) framework developed by Harry Markowitz in 1952. The principle
behind MVO is that assets with higher expected returns and higher risk combined with assets
with lower expected returns and less risk compose a portfolio with a superior risk-return profile
than either of the two assets alone. According to the risk tolerance of the investor, the optimal
risky portfolio can be combined with a risk-free asset, such as U.S. Treasuries, to lower the risk
of the overall portfolio, or the investor can borrow at the risk-free rate to invest in the optimal
risky portfolio and achieve higher returns with greater risk while holding the risk-return profile
optimized. The implications of MVO include the separation of the investment and financing
decisions for the investor and that the most important determinant of the risk in a portfolio is the
extent to which assets’ prices move relative to each other, or co-vary, not the extent to which
assets move in an absolute sense. The separation of the investment and financing decisions is an
important implication because it implies the existence of a single global optimal portfolio in
which all rational investors in efficient markets should invest, regardless of risk tolerance. Risk
tolerance determines the financing decision since the investor should choose to invest some
portion of their funds into the global optimal portfolio, or they can borrow and invest a greater
amount than their initial equity in the global optimal portfolio. Either choice optimizes the riskreturn trade-off with varying degrees of absolute risk.
Portfolios constructed under the traditional MVO framework rely on the estimation of the
component risky assets’ expected returns and covariance matrix. The optimal portfolio is
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determined using a minimum variance frontier, which plots a risky portfolio and/or asset’s
standard deviation of returns on the x-axis and the risky portfolio and/or asset’s expected return
on the y-axis. By altering the dollar allocation to each component asset, the minimum variance
frontier forms a sideways parabolic function with a global minimum variance risky portfolio as
the parabola’s extremum. The upper arm of the minimum variance frontier composes the
efficient frontier, which depicts all combinations of risky assets that produce the highest return
for a given level of risk. Since rational investors seek to maximize risk-adjusted returns, the
optimal portfolio is derived through utility maximization using a covariance matrix that produces
the weights for the highest Sharpe ratio risky portfolio. The Sharpe ratio is a measure of riskadjusted return that subtracts the risk-free rate from a risky portfolio’s expected return and
divides this excess return by the portfolio’s standard deviation. This optimal portfolio on the
efficient frontier is the mathematically tangent portfolio to the Capital Allocation Line (CAL),
which runs from the risk-free rate on the expected return axis. The CAL depicts all combinations
of the optimal risky portfolio and the risk-free asset that produce the highest return for any given
level of risk. Any portfolio on the CAL can be de-levered through allocating to the risk-free asset
and lowering expected return and risk or levered through borrowing at the risk-free rate to invest
more than the investor’s initial equity in the optimal risky portfolio and raising expected return
and risk.
While MVO was developed in 1952 by Harry Markowitz, risk parity was developed in
1996 with the launch of Bridgewater Associates’ All Weather fund, the first risk parity fund. The
significant contributions risk parity adds to the MVO framework is a revised definition of
diversification, use of more predictable variables, and the use of more asset classes.
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Under MVO, diversification is achieved through spreading the amount of capital
allocated across asset classes (“dollar allocation”). With a risk parity strategy, diversification is
achieved through equalizing the amount of total portfolio risk attributed to each asset class (“risk
allocation”). For example, a traditional 60/40 equity/bond allocation roughly has a 90/10 risk
allocation, where the equity allocation accounts for 90% of the variation in the portfolio’s value
and the bond allocation accounts for 10% of the variation in the portfolio’s value. To implement
a two-asset equal-weighted risk parity strategy, the asset weights in the portfolio should be
rebalanced to the point where the equity and bond allocations each contribute 50% of the total
portfolio volatility, thereby leading to a higher asset weight to relatively less risky bonds and a
lower asset weight to the relatively riskier equities. Risk parity proponents claim that, by
equalizing total risk contributions of each asset, risk parity is more resilient in downturns and
less exposed to changing economic environments compared to traditional portfolio strategies.
Although both MVO and risk parity require prediction of future quantities, risk parity’s
estimation of a future covariance matrix is more tractable than MVO’s estimation of both
expected returns and a future covariance matrix. Since asset volatilities are more stable over time
than prices, it is more reasonable to use historical data to compute a prediction of future volatility
than expected returns. Expected returns and risk are subject to behavioral biases, such as
overestimation of returns through expecting strong momentum in asset prices and
underestimating risk through personal experience and familiarity with an asset class. Due to risk
parity’s reliance on the covariance matrix as the sole input, the strategy is more mechanical and
there is no clear evidence suggesting that the quality of covariance estimates impacts returns in a
biased manner.
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Another distinct feature of risk parity portfolios is the use of relatively more asset classes
than traditional MVO strategies. In traditional MVO, equities and bonds are primarily used to
construct the risky portfolio and their weights are adjusted to form the efficient frontier. While
equities and bonds’ prices typically move in opposing directions due to market dynamics and
risk aversion, a two-asset MVO portfolio during a market downturn can perform poorly since
correlations between asset classes tend toward +1 under market stress. This collapse of
diversification causes the efficient frontier to compress and decreases risk-adjusted returns. In
contrast, risk parity strategies diversify across more asset classes, including real estate, emerging
market bonds, inflation-protected bonds, and commodities. This diversification is thought to
lessen the impact of severe contractions and increase risk-adjusted returns over time.
Existing literature is conflicted on whether risk parity delivers higher risk-adjusted
performance relative to a traditional 60/40 strategy. According to AQR Capital Management
(2010), risk parity showed a 63% improvement on risk-adjusted returns compared to a traditional
60/40 portfolio. In contrast, Chaves et. al (2010) tested a risk parity strategy against the
traditional 60/40 portfolio and risk parity underperformed on a risk-adjusted basis. Kaya & Lee
(2012) suggests risk parity is more mean-variance efficient (or closer to the “optimal” portfolio)
when the level of noise is high, which occurs when the rolling windows of observed returns used
for risk estimation are shorter, and when returns distributions exhibit “fatter tails.” In practice,
higher levels of noise and “fatter tailed” distributions are more conservative assumptions,
therefore risk parity’s outperformance is theoretically sounder than MVO.
This thesis paper addresses the following research questions: (1) “does risk parity outperform
the traditional 60/40 portfolio on a risk-adjusted basis?” and (2) “does risk parity perform better
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than the traditional 60/40 portfolio with lower asset correlations?”. These questions are answered
through the following respective hypothesis tests:
1. 𝐻0 : 𝜇𝑅𝑃 − 𝜇 𝑇 ≤ 0
𝐻𝑎 : 𝜇𝑅𝑃 − 𝜇 𝑇 > 0
Where 𝜇𝑅𝑃 represents the population median annualized Sharpe ratio of a six-asset risk parity
strategy with quarterly rebalancing and a one-year rolling covariance matrix of daily returns, and
𝜇 𝑇 represents the population median annualized Sharpe ratio of a traditional 60/40 portfolio with
quarterly rebalancing.
2. 𝐻0 : 𝜌𝑖𝑗 = 0
𝐻𝑎 : 𝜌𝑖𝑗 ≠ 0
Where 𝜌𝑖𝑗 represents the correlation between the Sharpe ratio of risk parity minus the Sharpe
ratio of the traditional 60/40 portfolio (i) and the pairwise asset correlations of the six component
assets of the risk parity portfolio (j).
II.

Methods

The goals of the hypothesis tests are to discern whether risk parity outperforms the traditional
60/40 portfolio on a risk-adjusted price return basis and whether asset correlations are associated
with the relative performance of risk parity. To test these hypotheses, the two portfolio strategies
were simulated using daily historical index price data over the period of April 14th, 1998 to
January 25th, 2021.
The composition of the two portfolios differs significantly. The traditional 60/40 portfolio is
composed of 60% global stocks and 40% U.S. nominal bonds. The risk parity is composed of
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global stocks, U.S. nominal bonds, commodities, U.S. inflation-protected bonds, emerging
market bonds, and real estate and their respective weights are determined each rebalancing. The
risk-free asset is used to calculate Sharpe ratios for the respective portfolios.
The rebalancing approaches for the traditional 60/40 portfolio and the risk parity portfolio
differ significantly in complexity. Since the traditional 60/40 portfolio follows a dollar allocation
rebalancing approach, the global stocks and U.S. nominal bond allocations are reset to 60/40
every quarter through the selling of the asset that appreciated in value relative to the other asset
and buying the asset that depreciated in value relative to the other asset. This dollar allocation
method is easily implemented and requires no optimization techniques.
To implement risk parity’s equalization of total risk contributions, an optimization technique
is required. First, the covariance matrix of the component assets’ daily returns is calculated on a
rolling one-year basis. The choice of duration for the covariance matrix, as well as the number of
component assets, is largely an arbitrary one. The duration cannot be too short, else the risk
parity strategy will experience high turnover due to a higher sensitivity to each asset’s volatility,
which is harmful to risk-adjusted returns. The duration should also not be too long, else the risk
parity strategy will be less adaptable to changes in the economic environment as asset
correlations are time-varying and old relationships may become irrelevant. The choice of assets
is also bounded by two extremes. Ideally, risk parity portfolios should include as many
uncorrelated assets as possible. In practice, correlations are time-varying and can move towards
positive correlation, therefore reducing the diversification benefit. Risk parity portfolios should
also not be highly concentrated in one or two asset classes for the same reason.

Eberly 10
To attempt to allocate risk evenly across asset

Equation 1: The Covariance Formula

classes, the following procedure is executed on each
rebalance date: (1) the one-year covariance of matrix
of daily returns is calculated where x and y are a combination of assets (Equation 1) and each
element is multiplied by 252 to annualize covariances by the number of trading days in a year,
(2) matrix multiply a vector of portfolio weight

Equation 2: Risk Allocation of ith Asset

variables by the covariance matrix (Equation 2), (3)
dot product the covariance times weight matrix by
the transpose of the vector of portfolio weight
variables (Equation 2), (4) divide each element by the total portfolio variance, which is itself a
product of the matrix multiplication of the

Equation 3: Portfolio Variance in Matrix Form

weight vector times the covariance matrix
times the transpose of the weight vector
(Equation 3). By holding the total risk
contributions in Step 3 constant at 1/I, where I is the number of asset classes, the optimal weights
can be determined through a system of equations. Since this process is computationally
intensive, Mathematica software was used to calculate the optimal weights per risk parity on
each rebalance date. The weights change over time due to the evolution of the covariance matrix.
As assets become more relatively volatile, this approach recommends selling; as assets become
relatively less volatile, this approach recommends buying.
Once the portfolios are simulated over the time period, the quarterly holding period returns
from each portfolio are calculated and annualized by adding one and raising the sum to the fourth
power. Along with annualized returns, annualized volatility is calculated as the standard

Eberly 11
deviation of the previous 252 daily returns of the portfolio multiplied by the square root of 252.
To calculate the risk-adjusted return as measured by the Sharpe ratio, the yield-to-maturity of the
three-month U.S. Treasury bill on the rebalance date is subtracted from the annualized quarterly
return and the difference is divided by the annualized volatility. This measure computes the
return associated with 1% of the variation in the portfolio’s value. In the total sample, there were
87 quarterly risk-adjusted returns for each portfolio. Each quarter’s risk parity Sharpe ratio is
subtracted by the same quarter’s traditional 60/40 Sharpe ratio. This difference in risk-adjusted
returns is referred to as the relative risk-adjusted performance of risk parity since the riskadjusted performance of risk parity in excess of the traditional strategy is desired.
To test the first set of hypotheses, the paired comparison of medians test was chosen since
the two portfolios share two asset classes, therefore their risk-adjusted returns are somewhat
dependent. Since a paired comparison of means t-test assumes a Normal population distribution,
a nonparametric alternative, known as the Wilcoxon Signed Rank Test, was used to assess if
there is a statistical difference between the respective portfolio’s risk-adjusted returns. The
assumptions of the Wilcoxon Signed Rank Test are as follows: (1) dependent samples, (2)
independence of observations, (3) continuous or ordinal dependent variable, and (4) symmetrical
distribution in differences of the paired groups. As described earlier, the two portfolios’ riskadjusted returns are related through the two shared asset classes, therefore the samples are
dependent and assumption #1 is valid. In this hypothesis test design, independence of
observations is conditional on the existence of efficient market hypothesis (EMH). EMH
contends that asset prices are fully reflective of public information and expectations by market
participants. An implication of EMH is the Random Walk Theory, which suggests that changes
in asset prices, or returns, have the same distribution and are independent of each other. This
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theory holds that the past movement of asset prices does not indicate future movement. In
financial academic literature, evidence of the semi-strong EMH is validated experimentally. If
the Random Walk Theory holds, each observation of risk-adjusted returns from either portfolio
are independent of all other observations distanced in time, therefore assumption #2 is valid. The
dependent variable in this design is the difference in risk-adjusted returns (𝜇𝑅𝑃 − 𝜇 𝑇 ), which
possesses interval level of measurement since distance is meaningful and there is no true zero.
This level of measurement for the dependent variable satisfies assumption #3. Depicted in Figure
1, the distribution of the

Figure 1: Difference in Risk-adjusted Returns

dependent variable appears
to be moderately
symmetrical, therefore
assumption #4 is valid.
Since all assumptions appear
to be reasonable, the
Wilcoxon Signed Rank Test
is the statistical method
chosen to test the first set of
hypotheses.
To test the second set of hypotheses, the quarterly correlations of daily returns between
pairwise combinations of asset classes was calculated at each rebalance date during the time
period of interest. To test whether these pairwise correlations are significantly related to the
relative performance of risk parity in a linear manner, a correlation test of significance is
required. Since return populations do not follow Normal distributions, the Pearson Product-
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Moment Correlation t-test is inappropriate, therefore the nonparametric alternative, known as the
Spearman’s Rank Correlation Coefficient test, is considered. The assumptions of this hypothesis
test are as follows: (1) at least ordinal level of measurement for variables and (2) a monotonic
relationship must exist between the variables. Assumption #1 is clearly valid since the data is
interval level of measurement. Assumption #2 is less clear since a monotonic relationship is not
established between pairwise asset correlations and the performance of risk-parity relative to
traditional 60/40 portfolios. A monotonic relationship is a relationship that does one of the
following: (1) as the value of one variable increases, so does the value of the other variable, or
(2) as the value of one variable increases, the value of the other variable decreases. The
hypothesis assumes a monotonic relationship since the alternative seeks to discover whether
lower asset correlations are associated with higher relative performance of risk parity, which
allocates across more asset classes. This hypothesis clearly assumes a nonlinear relationship
since correlations are bounded by -1 and +1, while risk-adjusted returns are unbounded. With a
tenuous basis for the validity of assumption #2, the hypothesis test is performed, and the results
should be interpreted with caution.
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III.

Data

The time series data retrieved from FactSet and the Federal Reserve Board of Governors
included asset class price indices and historical yields from April 14th, 1998 to January 20th,
2021.
Asset

Index Data

Global stocks

MSCI All Countries World Index

U.S. nominal bonds

Bloomberg Barclays U.S. Aggregate Bond Index

Commodities

S&P's Goldman Sachs Commodities Index

U.S. inflation-protected bonds

Bloomberg Barclays U.S. TIPS Notes Index

Emerging market bonds

Bloomberg Barclays Emerging Market USD
Aggregate Index

Real estate

S&P Global REIT Index

Risk-free

3-Month T-Bill YTM Rate (FRB)

The specific asset classes were chosen for their distinct investment features, as well as their
supposed diversification benefits. The global stocks proxy index is the Morgan Stanley Capital
International All County World Index (MSCI ACWI), a market capitalization-weighted index
designed to “represent the full opportunity set of large- and mid-cap stocks across 23 developed
and 27 emerging markets.” This index was chosen for its broad, diversified equity exposure,
which reduces home country bias and enhances the risk-return profile of the equity asset class.
The index is reconstituted quarterly by updating the equity universe of global stocks, evaluating
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which securities meet market capitalization and liquidity requirements, and revising the
respective size cutoffs for classification in the index.
U.S. nominal bonds is represented by the proxy index Bloomberg Barclays U.S. Aggregate
Bond index. This index is market capitalization-weighted and represents the universe of
intermediate term investment grade bonds traded in the United States. The composition of the
intermediate term investment grade bonds includes government Treasury securities, corporate
bonds, mortgage-backed securities, asset-backed securities, and municipal bonds. Due to the
highly fragmented nature of fixed income markets, the domicile market chosen to represent
nominal bonds was the United States, which has the most liquid fixed income with global
exposure through U.S. issuer organizations. The index is reconstituted monthly based on criteria
for the following qualities: currency, sector, credit quality, amount outstanding, time to maturity,
country, market of issue/placement type, taxability, and subordination.
In this study, the commodities asset class is represented by the Standard & Poor’s Goldman
Sachs Commodities Index (S&P GSCI). This index is recognized as the benchmark for the
universe of commodities that have active, liquid futures markets. The index is constructed on a
global production-weighted basis and composed of continuous futures contracts of the following
commodities: wheat, corn, soybeans, coffee, sugar, cocoa, cotton, lean hogs, live cattle, feeder
cattle, crude oil (West Texas Intermediate and Brent), heating oil, gasoline, gasoil, natural gas,
aluminum, copper, nickel, lead, zinc, gold, and silver. The index is designed to represent the
investable universe of physical commodities and reconstitutes on an annual basis.
U.S. inflation-protected bonds were represented by the Bloomberg Barclays U.S. TIPS
Notes Index. Inflation-protected bonds are a type of fixed income instrument that compensate the
investor for any changes in the consumer price index. This instrument attempts to isolate the real
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rate of return and to mitigate the risk of inflation eroding investment returns. By indexing
principal and interest payments to inflation, the investor is paid a predetermined real rate of
return, in contrast to nominal bonds that pay a predetermined nominal rate of return. The index is
reconstituted monthly.
The emerging market USD nominal bonds were represented by the Bloomberg Barclays
Emerging Market USD Aggregate Index. This index represents debt from emerging market
issuers that are denominated in U.S. dollar. This asset class is thought to provide an exposure to
growing economies that most commonly transact in different currencies. The fact these debts are
denominated in U.S. dollar decreases the foreign exchange risk faced by the investor; however,
investors typically demand higher yields due to the higher risk associated with a potential
mismatch in the denomination of revenue streams and borrowing costs. The countries covered in
this index are Argentina, Brazil, Bulgaria, Ecuador, Mexico, Morocco, Nigeria, Panama, Peru,
the Philippines, Poland, Russia and Venezuela. Economies are considered for inclusion annually
and must be classified as World Bank Income group classifications of low/middle income or by
International Monetary Fund classification as a non-advanced country. This index is
reconstituted monthly according to what commodities have active futures markets and
rebalanced according to world production data provided by the United Nations, Food and
Agriculture Organization Corporate Statistical Database (FAOSTAT), the U.S. Department of
Agriculture, and the U.S. Geological Survey.
The real estate asset class was represented by the S&P Global REIT Index, which is a floatadjusted market capitalization-weighted benchmark of publicly traded equity real estate
investment trusts (REITs) listed in developed and emerging markets. Due to its fragmented and
illiquid market characteristics, real estate is typically challenging to index on a real-time price
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basis. REITs are used as a proxy for investment in the asset class because REITs are the publicly
traded equity of real estate management trust structures, which provides real-time pricing data.
The types of REITs included are retail, industrial, specialized, diversified, office, healthcare, and
hotel & resorts. Each type is invested in one or more different types of real estate sectors, which
vary widely in economic exposure. This index is reconstituted quarterly according to the
universe of public trusts that derive more than 60% of their revenue from property or real estaterelated activities. Operating profit and market perception are also considered in defining an
eligible constituent.
The risk-free asset used in the calculation of risk-adjusted returns was represented by the
yield-to-maturity on the three-month U.S. Treasury Bill. Since annualized returns are used in the
calculation of risk-adjusted returns, the annual holding period return for a risk-free asset must be
used assuming the risk-free asset is held over the same period. To measure the risk-free rate,
short-term U.S. government securities are typically used as a proxy in literature. Yield-tomaturity is used in this context because it represents the annualized holding period return
assuming reinvestment at the yield-to-maturity. This proxy is an estimate of the risk-free rate
realized over the quarter.
IV.

Results

The test results of the first set of hypotheses from the Wilcoxon Signed Rank Test were
insignificant. There is insufficient statistical evidence at the 5% level of significance to suggest a
difference in population median risk-adjusted returns of risk parity and traditional portfolios is
statistically significant, V = 1801, p-value = 0.6845 (Figure 3 in Appendix). This result implies
risk parity does not outperform traditional 60/40 on a risk-adjusted basis using price return data.
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The test results of the fifteen Spearman Rank Correlation Coefficient tests are mixed with
thirteen insignificant correlations and two significant correlations. At the 5% level of
significance, there is sufficient statistical evidence to indicate monotonic, negative relationships
between the relative performance of risk parity and two asset correlations, U.S. nominal bonds
and real estate and commodities and emerging market USD nominal bonds, respectively
(Figures 4 & 5 in Appendix). These significant correlation tests yielded p-values of 0.038 and
0.020, respectively. These results imply the two asset correlations may improve the risk-adjusted
return of risk parity relative to the traditional 60/40.
In addition to hypothesis testing, other interesting data artifacts were discovered. When
assessing pairwise quarterly asset correlations (Figure 6 in Appendix), a noticeably high
correlation existed between U.S. Treasury Inflation-Protected Securities (U.S. TIPS) and U.S.
nominal bonds, which averaged 0.795 over the time studied (Figure 7 in Appendix). This high
correlation reduces the diversification benefit of the risk parity variant since more risk is
contributed by assets that behave very similarly. Over the time period studied, risk parity
outperformed the traditional 60/40 in absolute price return by 6.30% (Figure 8 in Appendix).
The traditional 60/40 portfolio consistently possessed higher levels of risk with, on average,
5.46% higher annualized volatility (Figure 9 in Appendix). While risk parity’s median riskadjusted return was not significantly different from the traditional 60/40 portfolio’s median riskadjusted return, risk parity’s risk-adjusted returns were much more volatile than the traditional
60/40 portfolio’s risk-adjusted returns (Figure 10 in Appendix). Despite the traditional
portfolio’s more volatile value, the standard deviation of risk parity’s risk-adjusted returns was
3.65, while the traditional portfolio’s standard deviation of risk-adjusted returns was 1.99, which
is almost half as volatile as risk parity’s risk-adjusted performance. Another interesting result is
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that risk parity appears to increase its allocation to an asset when its price increases and
decreases its allocation to an asset when its price decreases (Figure 11 in Appendix). This
behavior is markedly different from the traditional portfolio, which increases its allocation to
assets when its price decreases and decreases its allocation to assets when its price increases.
V.

Discussion

According to the results of the first hypothesis test, risk parity does not seem to provide
higher risk-adjusted performance relative to the traditional 60/40 portfolio. This result suggests
that the traditional 60/40 portfolio may be an effective heuristic to achieve optimal results
without the computational intensity of implementing risk parity. This finding was unexpected;
however, there are two major logical reasons that this paper’s methodology may underestimate
risk parity’s risk-adjusted performance: (1) price return data, not total return data, was used,
which does not include return in the form of dividends and interest, and (2) two of risk parity’s
component assets were highly correlated.
To simplify rebalancing, price index data was used to calculate daily returns and covariance
matrices, as well as annualized quarterly returns. Price index data should be used to optimize risk
parity’s asset allocation; however, annualized quarterly returns should be calculated using the
total return index, which considers income yield and capital gains/losses. This adjustment should
substantially increase the risk-adjusted performance of risk parity since the strategy allocates
primarily to fixed income indices, which derives a large proportion of return from interest. The
traditional 60/40 portfolio’s risk-adjusted performance should also improve; however, its large
equity allocation derives its return primarily in the form of capital appreciation, not income. In
addition to incorporating total return, eliminating U.S. TIPS from the risk parity portfolio and
replacing the asset class with one that is less correlated with U.S. nominal bonds, such as global

Eberly 20
inflation-protected bonds or managed futures, should improve risk parity’s risk-adjusted
performance relative to the traditional 60/40. For these two reasons, the findings of the first
hypothesis test should approached with caution.
In addition to the reasons to be skeptical of the first hypothesis test results, there are several
more complications that must be resolved to firmly answer the first research question. First, the
Wilcoxon Signed Rank Test relies on the assumption that the samples collected are randomly
chosen, as well as derived from the same population. In this paper’s methodology, annualized
returns were calculated on a regular, quarterly basis, which is not a random process. Also in this
paper’s methodology, the assumption was made that the observations came from the same
population distribution. When working with time-series data, it is important to determine
whether the sample collected over time is stationary, meaning the population mean and variance
is constant over time. Due to project limitations and that the risk-adjusted returns appeared to
satisfy the assumptions of the Wilcoxon Signed Rank Test, stationarity was not tested; however,
this should be tested in future studies since financial economic relationships are notoriously
transient and treatment of the risk-adjusted returns as derived from a single population should be
further analyzed in future research. Stationarity can be tested using the Augmented DickeyFuller Test, which removes effects of autocorrelation to discern whether time series has a stable
mean and variance over time. While the Wilcoxon Signed Rank Test does not assume specific
distributional attributes, the chosen nonparametric test assumes the population is symmetrical. If
this is violated over time or the returns are determined to arise from different populations, the
results of the Wilcoxon Signed Rank Test should be questioned.
In addition to the stationarity problem, the operationalization of the research question should
also be refined to firmly answer whether risk parity outperforms the traditional 60/40 on a risk-
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adjusted basis. Risk-adjusted returns, in this paper’s methodology, is defined as the Sharpe ratio,
which uses standard deviation as the measure of risk. While this measure is widely used in the
traditional MVO framework, modern practitioners consider the measure naïve since it penalizes
large gains, as well as large losses. If an asset’s return distribution was heavily skewed
positively, with few large gains and frequent small losses, most of the asset’s risk is derived from
large increases in the asset’s price, which is considered favorable by most investors. By changing
the way risk-adjusted returns are operationalized in methodology, the results of the hypothesis
test could change substantially. An alternative measure of risk, such as downside deviation or
value-at-risk (VaR), could refine the definition of risk to more accurately reflect risk borne by
investors. Downside deviation is the standard deviation of daily returns below the mean, whereas
VaR is typically defined as the minimum loss experienced by a portfolio in the worst 5% of daily
returns. Another issue to resolve before answering the first research question is that the paper’s
methodology relies on arbitrary timing, rebalancing frequency, and asset class selection
decisions. By testing across many different time periods, time-period bias can be minimized;
however, it is never eliminated through using more time-varied observations. There is no
apparent theoretical underpinnings to deciding how many asset classes risk parity should include,
nor the optimal rebalancing frequency. Due to the unpredictable nature of financial time series, it
is unclear whether such decisions can be made definitively, nor consistently over time.
According to the results of the second hypothesis test, two asset correlations, U.S.
nominal bonds and real estate and commodities and emerging market USD nominal bonds,
respectively, are found to exhibit a negative, monotonic relationship with the risk-adjusted
performance of risk parity relative to the traditional 60/40. This relationship suggests that lower
correlations between U.S. nominal bonds and real estate, as well as between commodities and

Eberly 22
emerging market USD nominal bonds, are associated with higher risk-adjusted returns of risk
parity relative to the traditional 60/40. This association may be due to the correlations
significantly reducing the total portfolio risk of risk parity; however, when analyzing scatterplots
of the variables, the negative relationship appears to be spurious due to the outsized influence of
an individual outlier observation. When the observation is removed, the U.S. nominal bonds and
real estate correlation becomes insignificant and the commodities and emerging market USD
nominal bonds correlation remains significant. The observation that appears to significantly
influence the trend is the second quarter of 2020 risk-adjusted returns. During this time, equity
markets stabilized, and fixed income markets rallied. This stabilization in equity markets caused
risk parity to substantially increase its equity exposure (Figure 12 in Appendix). Risk parity
recorded a 19% quarterly return (100.5% annualized holding period return), while the traditional
portfolio recorded a 2.1% quarterly return (8.67% annualized holding period return). Since risk
parity held less volatile asset classes during this time period, its risk-adjusted performance vastly
outperformed the traditional 60/40’s risk-adjusted performance. If this outlier was omitted from
the dataset, a general trend between asset correlations and the relative risk-adjusted performance
of risk parity does not seem to exist. Since correlations are bounded and risk-adjusted returns are
unbounded, it is unsurprising that asset correlations fail to exhibit a strong degree of linear
relation with risk-adjusted returns. A measure of nonlinear association should be considered. In
addition to the lack of linear relation between the chosen variables, the significant results of the
Spearman Rank Correlation Tests could also be due to chance since multiple hypothesis tests
were run. As the number of hypothesis tests increases, the likelihood of a Type I error, or the
rejection of a true null hypothesis, increases across all the tests. Therefore, the simple fact that
multiple tests were conducted using related data increased the chance that the hypothesis tests
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detect a false significant relationship, meaning the two asset correlations could be statistically
significant due only to chance.
Over the time period, risk parity’s risk-adjusted performance was more volatile compared
to the traditional 60/40’s risk-adjusted performance (Figure 11 in Appendix). This finding could
be due to the differences in rebalancing approaches. Since the asset allocation of risk parity is not
reset to a target weighting periodically, the optimal weights, as calculated from the covariance
matrix optimization technique, can change drastically depending on changes in volatility. Since
volatility increases during market downturns, risk parity makes substantial changes to its asset
allocation at market downturns. This approach could be the reason why risk parity exhibits
higher volatility in its risk-adjusted returns since pricing at these times of market stress tend to be
diverged from an equilibrium. In a traditional 60/40 portfolio, weights are reset to a target
weighting, despite any changes in volatility. Therefore, changes in the portfolio’s asset allocation
are not determined at times of market stress, which may contribute to a greater stability of riskadjusted returns.
Since risk parity and the traditional 60/40 portfolio differ significantly in rebalancing
approaches, the strategies appear to exhibit elements of momentum investing and contrarian
investing biases, respectively. Due to risk parity’s reliance on a one-year rolling historical
covariance matrix for rebalancing risk allocations, the approach inherently assumes historical
trends in volatility will continue in the future. This tendency to assume future performance based
on historical performance is considered a “momentum bias” and is typically associated with
buying appreciated assets and selling depreciated assets. This bias causes risk parity to follow
trends and “buy high, sell low,” which is counterintuitive for long-term investment success.
When asset prices are historically rising over time, risk parity does not appear to show poor
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performance; however, market downturns cause precipitous falls in asset prices and sharp
increases in volatility, which leads risk parity to sell assets in a downturn, a time when asset
prices are arguably removed from their fundamentals due to fire sales. Selling during a downturn
can substantially impair capital over the long term and years of investment gains can be erased
quickly. In contrast, the traditional 60/40’s use of dollar allocation has an inherent “contrarian
bias,” meaning the strategy buys depreciated assets and sells appreciated assets, or “buys low,
sells high.” This approach can moderate risk on the assumption that asset prices will mean revert,
which does not necessarily occur.
VI.

Conclusion

In this thesis, the claim that a risk parity portfolio strategy delivers higher risk-adjusted
returns compared to the traditional 60/40 equity/bond allocation portfolio strategy was tested. On
a price return basis, risk parity did not deliver significantly superior annualized quarterly riskadjusted returns relative to the traditional 60/40 portfolio over the period 1999-2021. A more
suitable statistical test may incorporate total return into risk-adjusted return calculation, as well
as removal of highly correlated asset classes, like U.S. TIPS and U.S. nominal bonds. Previous
studies suggested conflicting evidence of risk parity’s superiority and this paper’s approach tests
the claim on a different time period using quarterly rebalancing and annualized quarterly returns.
The results of this hypothesis test indicates that the traditional 60/40 portfolio strategy may
achieve approximately optimal risk-adjusted returns; however, statistical testing adjustments
mentioned in the “Discussion” section should be undertaken to verify this test’s results.
The claim that risk parity’s risk-adjusted performance relative to the traditional 60/40
portfolio’s risk-adjusted performance is associated with pairwise component asset correlations
was also tested. Two of the asset correlations, U.S. nominal bonds and real estate and
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commodities and emerging market USD nominal bonds, respectively, exhibited a significant
negative relationship with risk parity’s relative performance, indicating risk parity’s performance
relative to the traditional 60/40 improved as these correlations decreased. Due to the existence of
outliers and multiple testing, these significant associations are possibly spurious and further
research should be completed on whether the two variables are associated in a nonlinear manner.
In addition to the two hypothesis test results, other findings included relatively higher
volatility in risk parity’s risk-adjusted returns and distinct rebalancing biases were observed in
each strategy. Risk parity exhibited a “momentum bias,” while traditional 60/40 exhibited a
“contrarian bias.” An area of future research that may resolve risk parity’s momentum bias is the
prediction of future risk through machine learning techniques.
While risk parity did not significantly outperform the traditional 60/40 portfolio, risk parity
reimagines diversification in the portfolio context. As predictive and risk management
techniques evolve, the risk parity framework offers bright prospects of developing more efficient
portfolios.
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Appendix
Figure 2: Descriptive Statistics: Annualized Risk-adjusted Quarterly Returns
Descriptive Statistics: Annualized Risk-adjusted Quarterly Returns
Risk Parity
Traditional
Difference
Mean
0.66 Mean
0.69 Mean
Standard Error
0.39 Standard Error
0.21 Standard Error
Median
0.36 Median
0.81 Median
Standard Deviation
3.65 Standard Deviation
1.99 Standard Deviation
Sample Variance
13.33 Sample Variance
3.95 Sample Variance
Kurtosis
6.89 Kurtosis
-0.30 Kurtosis
Skewness
1.44 Skewness
0.17 Skewness
Range
26.91 Range
8.29 Range
Minimum
-7.67 Minimum
-3.04 Minimum
Maximum
19.24 Maximum
5.25 Maximum
Sum
57.78 Sum
60.10 Sum
Count
87 Count
87 Count

Figure 3: Paired Comparison of Medians
Test of Significance
Wilcoxon Signed Rank Test
(Alternative: "Greater")
V
p-value

1801
0.6845

-0.03
0.38
-0.36
3.58
12.85
7.10
1.16
27.55
-9.38
18.17
-2.33
87
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Figure 4: Spearman Rank Correlation Coefficient Test of Significance
Spearman Rank Correlation Test of Significance with
Relative Performance of Risk Parity (Alternative: "Two-sided")
Spearman
S (Test
Asset Correlation
Correlation
Statistic)
U.S. TIPS - U.S. Nominal Bonds
0.067
102414
U.S. TIPS - Global Stocks
-0.019
111772
U.S. TIPS - Commodities
-0.141
125234
U.S. TIPS - EM U.S.D Nominal Bonds
-0.146
125790
U.S. TIPS - Real Estate
-0.184
129920
U.S. Nominal Bonds - Global Stocks
-0.040
114150
U.S. Nominal Bonds - Commodities
0.023
107210
U.S. Nominal Bonds - EM USD Nominal Bonds
-0.147
125824
U.S. Nominal Bonds - Real Estate
-0.223
134158
Global Stocks - Commodities
0.024
107056
Global Stocks - EM USD Nominal Bonds
0.054
103786
Global Stocks - Real Estate
0.053
103884
Commodities - EM USD Nominal Bonds
-0.250
137222
Commodities - Real Estate
-0.073
117750
EM USD Nominal Bonds - Real Estate
-0.145
125654

P-value
0.539
0.864
0.192
0.176
0.088
0.711
0.832
0.175
0.038
0.822
0.617
0.623
0.020
0.501
0.180
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Figure 5: Significant Asset Correlations
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Figure 6: Quarterly Asset Correlation Boxplots
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Figure 7: Descriptive Statistics of Quarterly Asset Correlations of Daily Returns
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Figure 8: Cumulative Portfolio Performance

Figure 9: Annualized Volatility
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Figure 11: Risk-adjusted Returns

Figure 10: Global Stocks Index & Risk Parity Global Stocks Allocation
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Figure 12: Risk Parity Asset Allocation

